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Thepathophysiologyofcarpal tunnel syndrome (CTS) has been
extensively investigated and has been related to a likely inter-
play between idiopathic, anatomic, systemic, and occupational
factors. Previous associations with CTS are female gender,

systemic fluid balance disorders, inflammatory conditions,
hemorrhagic disorders, neuropathic conditions, occupational
hazards, and anatomical variations.1–12 More recently, an
investigation into the palmaris longus tendon, an expected
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Abstract Background The palmaris tendon inserts into the palmar fascia and is positioned in
close association with the transverse carpal ligament. Loading of this tendon has been
demonstrated to increase carpal tunnel pressures.
Purpose The purpose of this study was to determine if a relationship exists between
the palmaris tendon, carpal tunnel syndrome (CTS), and handedness. The sensitivity,
specificity, positive predictive value, and negative predictive value for Schaeffer’s test
were calculated.
Methods A retrospective review of patient charts undergoing endoscopic carpal
tunnel release was performed. Rates of palmaris longus agenesis (PLA) were compared
to a population matched data set. Statistical analysis was performed using a one-
proportion z-test. Schaeffer’s test for the palmaris longus tendon was performed on all
patients and compared to intraoperative confirmation.
Results A total of 520 carpal tunnel releaseswere performed in 389 consecutive patients.
The frequency of PLA in this surgical cohort was significantly lower compared to the
population matched dataset. No correlation between handedness and laterality of CTS or
PLAwas found. Schaeffer’s test wasevaluated toyield sensitivity (93.6%), specificity (100%),
positive predictive value (100%), and negative predictive value (50.8%).
Conclusion The palmaris tendon was more prevalent in a population of patients
undergoing carpal tunnel release. These findings can be used to provide further insight
into the pathophysiology of CTS. While Schaeffer’s test was accurate in detecting the
palmaris longus tendon, a negative test was frequently incorrect. Further imaging is
recommended in patients with a negative Schaeffer’s test when the palmaris longus is
desired for surgical utilization.
Level of Evidence This is a Level III, prognostic study.
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structure around the carpal tunnel, has been suggested to
increase the incidence of the development of CTS.1,2

Detrimental compression of the median nerve has been
shown to occur with pressures exceeding 30mm Hg in the
carpal tunnel. This leads to a decrease in nerve conduction and,
whensustained,may leadtoa completenervousblockade.13–15

Bothpositional andanatomical factorshavebeenshowntoplay
a role in elevating carpal tunnel pressures. Prior in vivo and
cadaveric studies have shown that terminal wrist positions, as
well as loading of the palmaris longus in extension causes a
significant rise in tunnel pressures.13,16 In their study of carpal
tunnel pressures, Keir et al16 theorize that the palmaris tendon
exerts a deforming force on the tunnel, particularly with wrist
extension, leading to elevated canal pressures.

The palmaris longus has been shown to be absent in a sub
portion of the population. Previous meta-analyses describe a
range of palmaris longus agenesis (PLA) to be 15.6 to 20.25%
with a predilection for agenesis in the nondominant
arm.17–19 Rates of PLA also differ between ethnicities with
the lowest percentages of agenesis present in Asian popula-
tions at a rate of 2.9 to 4.5%, while Egyptian and Arab Middle
Eastern population rates were found to be 55 and 41.7%,
respectively.16,18,20 Studies of Caucasian participants, being
the majority of patients in this study, show a range of
agenesis rates between 14.9 and 26.3%.18,20,21 These pooled
values provided a 15% baseline of PLA which was used to
compare against a cohort of patients undergoing endoscopic
carpal tunnel release for median nerve decompression.

This retrospective cohort study aims to determine if the
palmaris longus tendon is found in a higher percentage of
patients undergoing endoscopic carpal tunnel release when
compared to the general public. Our hypothesis is that there
will be a significantly smaller rate of PLA in our large cohort
of operative patients when compared to a population
matched cohort. Secondary outcomes measured include an
analysis of hand dominance and laterality of carpal tunnel
syndrome for which a positive correlation is expected.
Further, a higher incidence of PLA is expected in the non-
dominant hand. The sensitivity, specificity, positive predic-
tive value, and negative predictive value for Schaeffer’s test
was determined after intraoperative visualization of the
tendon structure.

Methods

A retrospective chart review was performed on 389 conse-
cutive patients undergoing endoscopic carpal tunnel release
from September 2013 to July 2017 completed by a single
fellowship-trained hand surgeon. Patients presented with
the complaint of numbness and/or tingling in the median
nerve distribution and were predominantly diagnosed with
CTS through history and physical exam. Ultrasound or EMG/
NCS (electromyography/nerve conduction study) was uti-
lized when the diagnosis remained in question. Ultrasound
testing supported the diagnosis with a measured cross-
sectional area of themedian nerve at the level of the pisiform
of �12mm2 or EMG/NCS testing with cut-off values specific
to the independent testing center.22–24 Exclusion criteria for

data collection included posttraumatic acute CTS and open
carpal tunnel release. Patient demographics were recorded
including age, race, and handedness. Schaeffer’s test was
used to document the presence of the palmaris longus
tendon in the preoperative holding area. This test is per-
formed by opposing the thumb to the small finger in partial
wrist flexion and approximately 90 degrees of elbow flexion
(►Fig. 1). The patients subsequently underwent an endo-
scopic carpal tunnel releasewhere the presence or absence of
the palmaris tendon was determined by direct visualization
during the approach and recorded in the operative note.

Themedical chartswere reviewedafter institutional review
board (IRB) exemption was obtained. Data were collected
including medical record number, age, handedness, gender,
race, date of surgery, laterality of the endoscopic carpal tunnel
release, results of Schaeffer’s test preoperatively, and results of
the observedfindings of the palmaris tendon intraoperatively.

The rate of PLA in the surgical cohort was compared to a
population matched rate of 15% using a one-proportion z-
test to compare differences between two proportions.18,20,21

Statistical significance was defined at the 5% (p � 0.05) level.
Handedness and PLA, as well as handedness, and laterality of
CTS were also compared using Chi-squared goodness of fit
analysis between the collected data and the expected results.
Sensitivity, specificity, negative predictive value, and posi-
tive predictive value were calculated from the results of the
preoperative Schaeffer’s test versus surgical confirmation of
the palmaris longus tendon.

Results

A total of 520 endoscopic carpal tunnel procedures were
performed on 389 patients. Bilateral procedures were done
in 131 patients, 74 of whichwere performed in the same day.
There were 145 males and 244 females. Patients’ age ranged
from20 to 99 years oldwith themajority of patients between
50 and 79 years (69.4%) and an average patient age of
63 years. The patient population consisted of 360 Caucasian
(92.5%), 14 Black (3.6%), 7 Hispanic (1.8%), 4 Asian/American
Indian (1.05%), and 4 were not recorded (1.05%).

Fig. 1 Example of a positive Schaeffer’s test. Schaeffer’s test
performed with small finger opposition to the thumb in slight wrist
flexion. Performed before endoscopic carpal tunnel release to identify
the palmaris longus tendon.
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The palmaris longus tendon was visually confirmed to be
present in 483 wrists (93.6%) and absent in 33 wrists (6.4%).
In four cases, the datawere not recorded. A one-proportion z-
test was used as it compares an observed proportion to a
theoretical one when two categories are being investigated.
Thus, is was used to compare the 6.4% rate of PLA in the
operative cohort compared to the expected 15% rate of PLA
from the population matched cohort. This resulted in statis-
tical significancewith p< 0.01 (95% confidence interval [CI]).
This supports the alternative hypothesis that the proportion
of patients diagnosed with CTS exhibited higher rates of
intact palmaris longus tendon structure than would be
expected from population matched data.

This data were further analyzed to determine if there was
a relationship between agenesis and handedness in the
carpal tunnel cohort. A total of 305 patients were right
handed, 44 were left handed, 10 identified as bilateral
handed, and in 30 patients’ handedness was not recorded.
The unidentified and bilateral patients were excluded
from this portion of the analysis. Expected values for the
cohort were based on the percentages calculated since they
were deemed statistically significant. Results are summa-
rized in ►Table 1. Due to the insufficient sample size, a Chi-
squared goodness of fit analysis was unable to be done on the
data concerning left handedness. However, there was no
statistically significant deviation from the actual and
expected values for agenesis on the right (p> 0.05) implying
that no relationship could be established between handed-
ness and the presence or absence of the palmaris longus
tendon.

Furthermore, a Chi-squared goodness of fit analysis was
performed to identify a relationship between reported hand-
edness and laterality of CTS. Patient with unidentified hand-
edness or bilateral handedness were again excluded from
this analysis. No correlation was found between handedness
and laterality of CTS.

The results and analysis of Schaeffer’s test are shown
in ►Table 2. The sensitivity, specificity, positive predictive
value, and negative predictive value of Schaeffer’s test were
determined to be 93.6, 100, 100, 50.8%, respectively.

Discussion

The palmaris tendon inserts into the palmar fascia and is an
extra-tunnel structure; however, it is positioned in close
association with the transverse carpal ligament. Keir et al16

demonstrated that loading of the palmaris tendon can in-
crease carpal tunnel pressure, particularly with the wrist
loaded in extension. These authors postulated that the
palmaris tendon may exert a structural force onto the carpal
tunnel altering the geometry of the tunnel. Thus, it seems
plausible that an increased incidence of CTS would be
present in patients with an intact tendon structure.

Studies of the palmaris longus tendon epidemiology show
that it is absent in 14.9 to 26.3% of the Caucasian patient
population.18,20,21 Using these numbers to establish a base-
line of agenesis, this studyaimed to determinewhether there
was a significantly smaller percentage of agenesis noted in
the cohort of operative patients. After reviewing the results
of the operative cohort showing a PLA rate of 6.4%, this
demonstrates a higher incidence of an intact palmaris ten-
don structure in this cohort. This correlates well with previ-
ous studies on the subject.1,2

Analogous to this study, Keese et al1 performed a case-
control analysis on 72 patients to evaluate for a correlation of
the palmaris longus tendon and CTS. This study used
Schaeffer’s test to similarly find a significantly lower PLA
rate of 2.8% in their CTS cohort versus their control group
where PLA was found at a rate of 22.2%. They calculated an
odds ratio (OR) of 7.0 (95% CI) indicating the palmaris tendon
having a higher association with CTS than industrial

Table 1 Calculation of palmaris longus agenesis association
with handedness

Right handed Left handed

Results Expected Results Expected

PL on R 216 217.15 24 24.34

PLA on R 16 14.85 2 1.66

PL on L 167 165.6 28 28.08

PLA on L 10 11.33 2 1.92

Abbreviations: L, left; PL, palmaris longus; PLA, PL agenesis; R, right.
Note: Summary of actual and expected results of palmaris longus
presence and agenesis based on handedness. There was no statistical
significance to support right handedness being associated with agen-
esis. There was insufficient sample size to determine significance on the
left.

Table 2 Statistical analysis of Schaeffer’s test

Result

Analysis of
results for
Schaeffer’s test

(%)

Sensitivity 93.6

Specificity 100

Positive
predictive value

100

Negative
predictive value

50.8

Analysis

Palmaris longus
tendon present
intraoperatively

Palmaris longus
tendon absent
intraoperatively

Schaeffer’s
test positive

453 0

Schaeffer’s
test negative

31 32

Note: results and analysis from Schaeffer’s test to determine if the palmaris
longus tendon was present or absent compared with the direct intra-
operative visualization of the tendon. Note that approximately half of the
time when the tendon was not detected preoperatively, the tendon was
found intraoperatively (negative predictive value of 50.8%). Also, when
Schaeffer’s test was positive, the tendon was always identified intraoper-
atively (specificity and positive predictive value were 100%).
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exposure (OR¼ 4.72), thyroid disease (OR¼ 3.70), diabetes
(OR¼ 3.02), previous wrist fracture (OR¼ 2.29), rheumatoid
arthritis (OR¼ 2.23), and obesity (OR¼ 1.77).25–27 This cur-
rent study aims to expand on this subject by evaluating a
larger patient studygroup that removes the clinical examas a
potential confounding variable by intraoperatively confirm-
ing the presence of the palmaris tendon.

A preoperative clinical exam for the palmaris tendon
becomes particularly important in procedures involving ten-
don harvesting and provides a useful landmark in endoscopic
carpal tunnel release. Schaeffer’s test which involves thumb
opposition to the small finger in slight wrist flexion is a well-
known and supported clinical exam for the identification of
the palmaris longus tendon.18,28,29 This test was originally
described by Schaeffer in 1909, and in a series of 800 patients
was compared to related clinical exams including the Thomp-
son test, the Pushpakumar’s “two-finger sign,” and Bhatta-
charya’s flexion test, amongst others. Schaeffer’s test was
shown to have the highest diagnostic ability to identify the
palmaris tendon at a rate of 98.1%.28,30 Endoscopic carpal
tunnel release offers the ability to directly visualize the
palmaris tendonand thispresentedan interestingopportunity
to evaluate the accuracy of this test. The calculated sensitivity
of Schaeffer’s testwas found tobe93.6%and itsspecificity tobe
100% which correlates well with previously described num-
bers.28–30 Interestingly, thetesthadanegativepredictivevalue
of 50.8% which suggests that when presented with a negative
result, the addition of another clinical examor imagingmaybe
of use to practitioners to reveal the palmaris tendon.

Prior research has been completed to decipher if there is
an exertional basis for the development of CTS.Manyof these
studies include industrial work, repetitive wrist postures,
and vibration as aworkplace job description as being positive
predictive factors for the development of CTS.6,8–11 Further-
more, it has been debated in the literature, as to whether the
development of CTS is more commonly found in the domi-
nant handwhichwould correlatewith its increased presence
in manually demanding jobs.4,31However, this study did not
show a relationship between handedness and CTS which
reached significance.

Limitations

There are several limitations to this study. One limitation was
that it is a retrospective cohort analysis of patients with CTS
and the data were not prospectively gathered. However,
thorough records of patient demographics, aswell as preoper-
ative clinical exam findings, and the postoperative notation of
the presence of the palmaris tendon was routinely gathered.
This would not have changed whether the data were prospec-
tively gathered or retrospectively reviewed. A control group
was not present to compare rates of palmaris longus agenesis
but this number was conferred from multiple sources on the
subject.16,18,20Further,heterogeneousmethods tosupport the
diagnosis of CTS including NCS/EMG and ultrasound were
used. However, the clinical examination is the gold standard
in diagnosing CTS and both of these adjunctive diagnostic
modalities are supported in the literature.22–24 Lastly, al-

though the results further establish a correlation between
the presence of the palmaris longus tendon and CTS, this study
does not provide causation for this occurrence.

Conclusion

This study reveals that, when compared to the general
population, the palmaris longus tendon was more prevalent
in a cohort of patients with CTS as confirmed by its visuali-
zation during an endoscopic carpal tunnel release. The
operatively challenged Schaeffer’s test also demonstrated
that additional clinical examination maneuvers or imaging
should be considered in light of a negative examinationwhen
the palmaris longus is desired for surgical utilization. Further
research on this subject is necessary to provide more infor-
mation on the pathophysiology of this condition and its
association with the palmaris longus tendon to have future
implications on treatment methods. We did not routinely
record percentage improvement following surgery for the
purposes of this study. However, this would make for an
interesting prospective, case-control study evaluating
patient’s recovery in relation to their palmaris longus status.

Note
The work was performed at Hand & Upper Extremity
Surgery, Orthopaedic Specialties of Tampa Bay 1011
Jeffords Street Building D Clearwater, FL 33756 USA.

Ethical Approval
Thisstudy isexempt fromfurther institutional reviewboard
(IRB) review under 45 CFR 46.101(b) (Exempt Category 4).
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